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Abstract of W098276G9 

A TDD antenna array S-CDMA system for 
increasing the capacity and quality of wireless 
communications is disclosed. By simultaneous 
exploiting the spatial and code diversities, high 
performance communications between a plurality 
of remote terminals and a base station is 
achieved without sacrificing system flexibility and 
robustness. The time-division-duplex mode 
together with the inherent interference immunity 
of S-CDMA signals allow the spatial diversity to 
be exploited using simple and robust 
beamforming rather than demanding nulling. 
Measurements from an array of receiving 
antennas at the base station are utilized to 
estimate spatial signatures, timing offsets, 
transmission powers and other propagation 
parameters associated with a plurality of S- 
CDMA terminals. Such information is then used 
for system synchronization, downlink 
beamfomning, as well as handoff management. In 
an examplary embodiment, the aforementioned 
processing Is accomplished with minimum 
computations, thereby allowing the disclosed 
system to be applicable to a rapidly varying 
environment. Among many other inherent 
benefits of the present invention are large 
capacity and power efficiency, strong 
interference/fading resistance, robustness power 
control, and easy hand-off. 
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Fig. 3 
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m (TDD) rv-r-^ru^f ^fflsc;»^fi|#5c«« (s-cdma) iffi(tv>^ 
a»<^r ^^7^-^*5 J;t«S»<D h ^ v-A^Sr^tf^/b^^^^^/w h y 

/v^^-V^yi-^!^ V J) S - CDMAm^i-Sram-rs J: pia-^^it. ttiB"^>^ 
s - c DMA«#©S»iffifi^d* e>«rtBjB*JcBi5S#rt e>tte^ra^^i^>^;i^'?' 
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i^^^^^ > 1 JCgBttO T D D T l^y'-TT U^S-C 

m^^m':ru±^^tx. tim^m->^^'^^wmt i^xmrn^sf^^^tm^ 

n ^ . IS^^ 1 {zmm<0 TDDTl^'r^TU^ S-C DM AiSii 

O AWM^^^ 5 . gS^^ 5 K&k^O T D D r l^^r^T W S - C DM Aiift 

5 jdiasfeoT DDT ^^T-rr w-r s - c dm A3i{tv;=^7^ a. 




«sm^myri'tyitti. ^n^nos^icHattrt bHs-^/^f^f^^r^/^i^:^ 



o 

:/t3-fey1^«:$^(c, 

«f©^-f ^ >^;a-:7-fe 5^ hMlc J: J:tMnaD o A^ 
fl5^i&^^6::ir{CJ:oT:JSS^^tt^ix<0{fce (geolocation) ^«fefei"^fcJ?> 
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1 3. Stt^I^$». 
MiBAS?tc<0#>«f {c^ U S - C DMAM-§-^^^-r^ fc^?)^0. P N 3 - KIS 

itr^5fEO^>«^ ic^ b If — A?^j« S - C DM A<t#s-^^5 
#><r 5 itna tr— A?^^ $ ix^/t s - c d m a^^o^ ic*5v MiB4S*<o 
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DDT >"7"^-r W S — C DMAafti^^^T" A. 



14. 69S«8*od^/i<^t>-»5>Jc:ov>T. «*<o^:H-e*vlJ:^^r 5'>^y 

it (SINR) *5f^:feic/j:6J:5itrlBi8*<^«->«r<^^rai^iJ^^^ir»W^ 
r«ric$tt5. 1 iCgffittiOTD DT VT^-^r W S - C DMA3i<i->^7^ 

f|^3g 1 Ic^ttOT D or S - C DMAiSme^^T' A, 

-C*> -5 . 1 ICIB^CD T D D T -^r U-^ S - C DMASft 7^ A, 

(S INK) *5g:^(C35eej:5tlJS«5l^<o#>«r«o^ra>i/^^'YfF^i^^ 

tr- «tsa^tv^tto*g5i5ir^t-t*^ trs'h^!?^ (ber) ^ 




-^T i^-Y S - C DM AiSfi 

•^/v^^-r^/i-r y:/y s-cDMA^^ogtriBi&^d»e>fWB«^36*b 
<Dri:^zf]} :^ v^—^J^l&mt^:^y'v^h^'^7f.^ STffiT y:?^y j/ 

S - CDMA»^«rSti|-t-5-:^7^ t . 
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^-Y-^A'i^v^^/i^^— 'Jri^;^ fiasco 
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ltr^^o«->«r K:SW#rt bits T^zf]>z^^ ^<'^—Wmt:^'^T^P^'r y :r 
2 9. ^rav^*^ir»ffi€:«fc«'rSfcaC>(0i{r^:x7^y^fi5ce,|c, 



3 0. ^W^if^^^W^^^^'&'t^t^^^-J^^^ ^^^^ 



3 1. ^w^^^^^mm^^'^'t^^^y'v'fxt^^^. 

^W^^<r>^^\zwmn^^^nm'^^ (DOA) ^«Sr-&trtSBUco-rA-^ 
^jlft'&^'SrarlC.toX. ^:H•1ei^^^^^S*<^fiCg (geolocation) 
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p N 3- K^iB^r $atn2;^x y >^ri. ifrieigpfco*-^ ^c:ov^T<D s - c dm a 




tt (siNR) m:*cl-'^c5J;5> Wi^^<o^^<o^fi^i^^^^^wm\cm-^ 



tfc (SINR) d5a:fclC7&5J:5. Mia«g*<^«''<r<O^Wi>'^4^^ir»WwS-:5 

y v^ir-A?g^^T3?!i^. lfte-t*t^twoiS5l5K:ov^T<otry Mfto* (ber 
fcJ0^5>Wz:M (TDD) r^yy^-i-ru^cmm^^^m^TcW^ (s-cdm 
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iriB5SS*o*^k:ov>TS~CDMAft^$r#-5fc«>pt 2/^— ^Sr^pi 
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y V y -^A^^^ Y ^yi' S - C DM Afi^ JSr#S fc«>SftlBif- Aj^^ 
fc s - c DM Am^i-^-c^rm-^^ y':fh^ 

^^Ty-^^) >'^:7w— Aofto^^y^-i; Aic^av^r. ^A^^f-^ 

^A^V^i^7.^v^ t^h^^ y s - C DMAm#<^8ftiffi&'&*Sr^-r 5 
:^7"y>^t^^tf. TDDTV^x-^T WS-*CDMAjlfS:^ifeo 

-m (TDD) rv7^:^rw^«i^^«#7^R (s-cdma) 

^^/i^r ^/T^y ^'^^ s-cDMAfi-^ojfl-g-frSrSftu tft^ssScjcr^iJt-c^/w 
i^i?^ s-cDMAii^^r^rsi pfi-a-^ix. taiB-r/u^ 



^/vT 5^ 7^ y V s - c DM A^i^^Dfidiem'^^sm-r ^ J: p m.-^ $ i^> 

=»—K*5j:t;x-^^;^ hr'r-5fc«>oio^fcii2o£Ji±(D^^y i:, 
tfria 1 oi^fcttt 2 o&.±(o^ ^ y ici^$ ti.'S i o^fcf* 2 -:>&.±<Df'i^^/u 

y s-cDMA{i-B^(?:)itri2j&^25^e>. fig*icg8i^ftite>ti.'5^rii^i/^^ 
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fi#^5i^-rs J: 9ib#prtg-rfc^. ^ifl-mr^^T^^hT 



4 4. i(r^io^^ri2o^_b07^v?^/i>ft-^:7't2-fe!yi^tt, itri5-^/^^^-t^ 
DMAiS^->';^^Ao 

4 5. fii]r^io*fcri2ojeiL±07^-:^^/w&^^ti'fe5.f-n. tfjia-^/v^^^^i 



^^-YWmt UXfUJi-S. i9*«4 ajJUEftcOTDDrVT^-^-TW S-CD 

-fi (TDD) r:^7^-^-r (s-cdma) iif&-> 

^^•r;^^/wy!>:^y ^'^J^ S-CDMA^t-§•^2Kii-<5J:5i5i•a'^i^. t6IB^/w^ 
^^^/i^T y:rv:y^s- c DMAft^otftiafi-g^^Sm-ra J: 9 a-g-^tt, 

'Tfv^-f'-r^f^rv^') s -cDMA«-^<?:)t&^^A*f>ttrlB$g5fsicBl 



•r/U^^^;^/VT3^:/y S-CDMA^#<^WS2«a-^d»^fima«5r5A*e> 
>^<r W 1211©^ ^ «r*tP. T D DT Xx:^r W S - C DMA 



ir^/i'S^>sK7Wi^^v>^«r»6fe«e>'^/i^^^^7vr y:/y s -CDMA 

4 9. IWi^ra->^4^^irfFflfi¥S«:. itrffi'r/i.^^^;i;/i.i^>^^/VV— -{rv;?^ 



msism(o^^\zmmHtrhfi^mm:»\^ (doa) fF«Bi^tfiBs»j<35-^A^ 

ii^^4 6lCgS«<OTDDr:^7^-^ru-f S-CDMAiim->;5^7^A. 
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5 1. ^m^m->^^'^'tm&^mn^^\^. 

1 |c:E«<Z)T D DT Vt'-^T U-Y S - C DM A®«i^;^7' 
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: ^TV7":^CDMAMj||iim>'J^xA 

Jfeiif^ftfffd^. i^<±l^<--y'^>'V- ^^zxr^'Jr— SX3>' - tr>^ (PCS) 
-Xv'A (D. ^s/K-^V (Goodman) ^ r-fe/l.^--igftj3 J:tJta— Kl^>^il<tlC 
*5ft<5 h l^i^ Kj ( "Trends in Cellular and Cordless aMmiaini cations* ) ( 
riEEE Comnninications UagazineJ 1991^6^) ) <D||a<0;t4i>, 

^Hc. mmk^wi^mr^-^:^ (fdma) ^^x.xr^m^^^mr^'^:^ (t 

DMA) *5^-Cfc6o FDMA*5j:OtTDMAa$[f(Dt>^IC/j:orv>5%X«L. 

<0Mm,9c^tL\t^^M.:;^x2yY\zi»m i-^tv^p t><o-e^5* 

#-^Sii#7cSa (CDMA) -Cfi. ^#^b^P<^^i-5Ci:-c*a<D 

^ti^o w p U^t^SWi^tfU^ofci?). CDMAfiMlftjimofci?)<D^ft6«|75rj^ 
1fl:ft(t^7"^^xWi&fcB$H5. b36»U i^r/^="A (Qualcoom) *5PI|6Ufc 
I S-9 5*»;^fc^«o/ae£OffiffiCDMAR«tt|fe«^KW3&«^J:OBajS:^ 
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A) fi^tSSr^-rsr^r-CgSi^He-Cfc^^*^ :Lit\cX^X1ttk,timmtg: 
^<Dt^<or^mi^^\:^^o $blC^bV^^9«ICOV^THL. M. K. i/^V (Simon 
) & r^^^ h K::/^y ( "Spread Spectrum Communicatio 

ns Handbook" ) ("^^ni^t/V, 1994^) . (Bustamante) ffilC 

^^*@4tflFB5, 375. 1 4 r^ttjft^^ hi/—- 
Alfe8fe7^i?^/l^/l^7*-ttS5^^^-^J ( "Wireless Direct Sequence Spread 
Spectrum Digital Cellular Telephone System' ) (12/1994) . Z^V^^ (Sch 

iiiing) ^m^^^m^nmsr 420, 8 9 6-^ ri^^^;^-:^ vyM^mkm 

i^-^^^^^^XJ^^^j ( "Synchronous Spread-Spectrum Comlnuni cations Sy 
stem and Method* ) (5/1995) ^#M$ttfcV\ 

A©*l:^*U<rR3±^'fr5 w*bd5-e^^ (S. TV7*->3:^ (Andersson) j& 
r^Hliitti^^^'r^-^'^^S^T WW^J ( "An Ad€«>tive Array for Uobile Connnini 
cation Systems" ) (IEEE Trans, on Veh. Tec. , Vol. 4, No. 1, pp230-236» 19 
91) . J. X (Winters) mBTM^->:^'rJ^(OmMK^^Tly 

7^^<r>^^ — ^'^(^M'^l ( "The Impact of Antenna Diversity on the Cap 
acity of Wireless Communication Systems'* ) (IEEE Trans, on Colmminicati 
ons, Vol.42, No. 2/3/4, ppl740-1751, 1995) ) o "^tS'5rflI/^r±^&IC. ^mttm 
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»^;^Olo-efc5o C:^D5>i?^COV^Xtt. S. y^-yh)) (Hattori) ffild^ 
^^^@4tfr»4, 9 5 5. 0 8 2-^ ^»mmmiy:^ir2K} ( "Mobile Coranuni 
cation System" ) (1/1989) , T. ->^X (Shimizu) m^M^^^m^nf^4 
.989, 2 0 4^ t±iyB:ytp\cy—>y<^>-yi)^m^^itm<D'ri^^jV^ 
ib^^R^A^P^y K2ift*ife:feJ:rJ^5^>^^^j ( "High Throui^put Comnmnic 
ation Method and System for a Digital Mobile Station When Crossing a Zon 
e Boundary During a Session" ) (12/1989) . *5<fctfV. ^^i/'T— y (Graz 
iano) k:*f-t-63fesi#flPfS4, 1 2 8. 7 4 r-fe/l^^— RFSm->;^7'AM 
T^v^'^Ti^^ } ( "Antenna Array for a Cellular RF Coimnunications Syste 
uT ) (13/1977) i:^tf7b^ti:^<oWi<Dm^XXJ^^m^^^o •t^^{tt\i^o:b^ 

*ff#W^$tLTV^^o :fci:xri. K. -^-^^h (Yamamoto) IC^^^^m^^m 

4, 5 9 9, 7 3 4-^ f#^*r^i^ffl#Sji^i^;^^-;^y-r^<">^ii«->;'^ 

'T'-^J ( "Space Diversity. Comlnunications System for Hulti-Direction Tim 
e Division Multiplex ConDnuni cat ions" ) (4/1985) ^ D. F. y<l^y (Bantz 

tt*^-f^^— i^^^lffiiSj ( "Diversity Transmission Strategy in Mobile/In 
door Cellular Radio Connminications" ) (4/1993) ^ C. "^^—hV^ (Whea 
tley) l^:*rt-S*S^fFB5, 4 3 7. 0 5 5-^ ^M^^^ ^ X3±A^^^^ig^ 
:x7^Aiciait^-^^5P->^<;^ • y^y<-'i^'^<oitib<or^T^->:^TJ^} ( "Ante 

nna System for Hultipath Diversity in an Indoor 
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Microcellular Cormnmication System" ) (7/1995) ^#^0 bli!brf^ra5>ftJ 

#Sr^-fex (SDMA) t^t£tv^&h:kmtj::^'^tX. ^<o^if^m^o 

mtmMT^ (s. rv7^->3vte r^aii©->:xv^Afflai£;rw^j (lEEEir 

ans. on Veh* Tec. vol.4. No. 1, pp230-236, 1991) . R. o>r (Roy) 

•re^S^frss. 5 15, 3 TS-i- r^pa:$^t5#mriJ^-fe:5^M«l>ifii^x5^A 

J ( 'Spatial Dlyision felultiple Access Wireless Communication Systems" 
) (4/1996, U.S.C1.) ) . 

J^i&«^f»|-a (FDD) *^iSr^UT*5»?. T 
MPS) IS- 5 4. GSMJfeW > m^^mtt^mffjWM'C. r5^:/9V^<0^ 
^<r>jgm. sDMA:*r^<D*<ic*5VNT^K»f^«:«*<oi(|^:^fii (DO A) m 

, "t>"Cl>*t>ail'^J^raH365, (i) ryoA^i:XJm<D^f^y<'^^—3f<DWm<oit 
isH-^m^t^m^. (iii) jlift:^ J:^^^^- K^^ocT/y :7 h ^aLr<oT^\t 

tibm—(OB^y<i$'—l^^m't^^mz.m (TDD) (fc^xfi 
CT-2*5J:t/DECT) tc*5V^t:rijK5fii*ixSt?*>^ 5p JS^I^oS 

^SDMAici3v^r5PJffi-e^. figijo-^/i^>^;^>'<^p«— ^Wl^St?*>5. ud* 



-22- 



uffioKffiii^^So wtt^orasri. aaftT?©sDMA. ^v:j»Wimm^tfhx7 



Z(0^mi±. T^y'^T ^mm^CUMA^^id^Xfm^WlZLM (TDD 
— ^r:^5^•:^CDMA (SA-CDMA) t^J^o VJ^T^AiD??* 

o wto^egosA-CDMAi^^T^AH. i&W^i!iSilftl;i*5ite?^3le^^f?<D3iis: 

ffi8Rlc«c, ^0»§gicJ: 5 SA-CDMA «3Bc<Dr >7^:^*5 J;Uf 
^^/^h^^^i/— u>rw:. iSg5fed^b-^>^^^^/UT5':/y ^^r^' S-CDM 

A«^<oia-^iSrS^U «85isici^rtT^/k^^-r4^/i-i5^!>:^y s -cdm 
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m^^i^ (Tx) -TiJzpa^^tt^^. 

^^^5fc«><^lO*fcr±2o£^±<D7^v?^/^:/o•fe5^1^ (DSP) *fctt:ra'feix 
^^^D-feyiJ-, 7^;^>^W5'y (despreader) . 1M.miStl:lf(Om 

#ig^n. c DM AT J: ;t<o P N 3 — K Sr&tfo 

-J/:?"'; >'i5' S-CDMA(t-^<^m^^7^:^:?'^'-> K (despread) ^$rca?>. 7^ 

L"C. -^/V'^'^^^/vr 5^ :/ y s - c D m Am^<oia^^ 
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iy^is i t5 =1 — K(D i$^-r i^^op^;^^^!]^-^ ^> tc tb (O^fim^^mm^^^X 

3 . S - C DM Am#<O^^Jc^a ®i4 tP^-^—hT >^y'^(0^mm^ t tt 

So 
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JCjoJt^ S A- CDMAibf^O— |llfi«?»J<DS-Cfe^o 

^^f^<7>^>5:oytM^2 O. 2 2. 2 4d3J:t/2 6^*ib^^--^*'r5i:v^^ 

^n^fij^ UT. -e/v'^^^^^yi- h 7 V— /^r v-^r 4 0 m»mm%:^»<o 
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m^miL^n. ^'^(ommtm'^^. mmm^n. &mo>\^±tt 

/V 



Bl2ri. |^C*i*T-e. m-f'^^A^^ii^i&m&^ (10. 12. 14) 

^ife^(D-^yw^^-r-^/i'K^>'->w'«ri^>r (40) t(om'cm^oit:^\^^m 

2. 14) d55ft»UTtte(=fJtibtt6fc§r. i--<T©DOA«rMiU ^«»ta?> 
^iifcw-</wSr@x<5Jt 51^— ^^4^^Wt^ (2 2. 2 4) <^^P^5>^^lii^-r 

«g^*>^> i/-fer-i:^5^-^^51^i-5fcj?)(DNF5^td-S (TDD) TV-t^-^TI^ 
-n^»i^-©^W#5c^ (S~CDMA) a«i^;^7^A5gr^tf« H^^ttSS 

==-Kd5SBIdg5^ (1 0. 1 2, 14) \cm^Xhn^^ SDMA^f^^. ^/U 
^^ir^/^h7^->— >^ri^>f (40) tm^ilO^ 12. 14) 

^tl^ C DMAT i^-fe;:^:^Oyt«>. PI— '^^^/Vm^*5^^IC*5V^T^^{C 
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(TDD) Ti^T^-^r Wf^»!^#»W#7C«3tt (S-CDMA) iiftV;^ 

# (PN) ft-^^fcl±PN=i-Kv'~'yi^;^S:iiix_<5<t ^^l^^iT/So @4lc^ 

<^«8^^<?>iftm<?>fci?><^flfe<D£J&J^^'ttfo ^^:7- 
^J^*fcttlSi»^^>r hr7-^/iibWc^lft35lftl|;ei5Ift^ (PSTN) ^T'&tf. 

h 7 u-f 4 0 ISROT ^^T^^is J:iflS9c<3:) h ^ 
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•r !> >- y s - c dm A«-^^i2l«-r -5 J: 9 $ Jx^o ^ 



b^^^v^w^jcioT^JftJ^Sa (RF) t^h^—:^y^i^Y^<r>Wk^^^'^^ 
• K>^ti -fe 5r 4 2 ttv '^/Wf'ir^/v h 7 >^^T 4 0 {njfg 

Aj^fife, 3fce)tJ^lccDMA3Eli33J:tfaii>5:if<^>i--^r<D^— KSjf^^tr 
-<--^^^>K:?"n-feyi^4 2JieiTlc$e>lcS^jBiIlciieg$jx5. «|«*tt 
1t,:^y^-Vn/J^m^ (5 4) --^i^Kftttbti. <2^*«i«:^ytm«Etf/i:*>tLT 

JfeMJc*5v^T. ;^^<:^K:/tl•feiyi^4 2tt, 1 o:tfcF±2oei±(?D7^i^i5r/u 

ft^>^a-fcy1^ (DSP) 44, 4 6*5j:t/4 8/^e>WCii]aM^rt^HS 10* 
:fcW:2oK±<0;^^>; 6 2, 6 4*5J;TJ^6 e^r^tr. p«^y 6 2. 6 4:fe<fcU^6 
6J:t. ;^^^>'K^lt^^T3^pfc*?)lo*;fcf±2o£JL±<?5DSP4 4. 4 6*5 
J:t;4 8|cJ:DlltTorig*3— K*5J:i/7^— ^^-^^hri'-So lo^fc 
ri2o£tJi<DDSP4 4. 4 6*5J:T/48ri. -^-^T©^— KftllgSr^^ 

- KSr^frr *o VXt^ Aibfprt^ffl-^^ o = V h n 6 8 J: •? «^S*tt 
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W 4 OttltllS^S 2*>^<^>A;^SrS(rr5o ^^rl3-fe5'1^6 OWt3gP5S5 2 

*5V^Tri^ l0^fc«:20£JL±<DDSP4 4. 4 6 43i:U^4 8 b WcHigif^Jt 
^>tveio*fcri2oJ!5l±<D;^^P 6 2. 6 4l3J:tK6 6 dS^c:^ ^^35:r<— 

S5 0*5j-TJ^fi«5 2rt. ±i«<^J:9lClo*fcW:2oeilJb:<^>7^tij/^^:/i/ 
^nfcDSP^'&t^CfcjSSif^UV^ ^ra:?'n-t5^1^6 0. fflii»5 0 
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